CHAPTER 2 Design Properties of Materials
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Graphite fibers.

2-45 8-glass, quanz fibers, tungsten fibers coated with silicon carbide.

2-51

Materiai

Graphite/Epoxy (High Strength)
Aramid/Epoxy Composite
Boron/Epoxy Composite
Graphite/Epoxy (Ultra-hi mod)
Glass/Epoxy Composite
Titanium Ti-8Al-4V

AlSI 5160 OQT 700 Steel
Aluminum 7075-T6

Aluminum 6061-T6

AlS] 1020 HR Steel

Material

Graphite/Epoxy (Ultra-hi mod)
Boron/Epoxy Composite
Graphite/Epoxy (High Strength)
Aramid/Epoxy Composite

AiSI 1020 HR Steel

AlLS! 5160 OQT 700 Steel
Titanium Ti-6Al-4V

Aluminum 6061-T6

Aluminum 7075-T6
Glass/Epoxy Composite

Vm=1-V¥r=1.0-0.60 = 040

See Equation {2).

Specific strength

(in)

4.86x106
4.00x106
3.60x106
2.76x106
1.87x106
1.00x106
0.929x106
0.822x106
0.459x106
0.194x106

Speacific moduius

(in}

8.28x108
4.00x108
3.45x108
2.20x108
1.06x108
1.06x108
1.03x108
1.02x108
0.99x108
0.66x108

See Equations (2.)}), (24, (22), (2-#)

Ratio to
AlISI 1020

25.0
20.6
18.5
14.2
9.63
5.15
4,78
4.23
2.36
1.00

Ratio to
AlS! 1020

7.81
3.77
3.25
2.07
1.00
1.00
0.97
0.6
0.93
0.62

"
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Given: Vr= _{).50; Fibers are high strength carbon-PAN; Matrix is Epoxy

See Table 2-5'for data. Ym =1- Vr=10- 050 = 0.50

Use Equation {2-4); suc = Suf VF+ om' Vm

Strain at which fibers would fail: gf = suf /Ef = {820x 103 psi)/{(40x108 psi)
ef = 0.0205

Stress in matrix at this strain: om' = Em € = (0.56x105 Psi}(0.0205) = 11 480 psi
Then: suc = (820x 103 psi)}{0.50) + (11 480 psi}(0.50) = 415x103 psi
Modulus of elasticity:  Ec = Ef Vf + Em vim = (40x106){0.5) + (0.56x106)(0.50)
Ec = 20.3x106 psi
Specific weight: yec = y¢ Vf + ym vmn = {0.065)(0.50) + (0.047)(0.50)
ve = 0.056 Ibfin3

Given: Vr = 0.50; Fibers are high modulus carbon; Matrix is Epoxy

See Table 2-/sfor data. Vm = 1- Ve =1 0 - 0.50 = 0.50

Use Equation (2-8): suc = Suf V¥ + om' Vi

Strain at which fibers would fail: € = suf /Ef = (325x 103 psi)/{100x106 psi)
"t = 0.00325

Stress in matrix at this strain: om = Em € = (0.56x106 psi){0.00325) = 1820 psi
Then: sge = (325x 103 psi)(0.50) + {1820 psi}0.50) = 163x103 psi
Modulus of elasticity:  Ec = Ef Vf + Em vm = (100x106)(0.5) + (0.56x106)(0.50)
Ec = 50.3x106 psi
Specific weight: ve = y¢ Vr + ym vm = (0.078)(0.50) + (0.047)(0.50)
ye = 0.0625 Ib/in3 '

Given: Vr = 0.50; Fibers are aramid; Matrix is Epoxy

See Table 2-i5for data. Vm = 1- V=10 - 0.50 = 0.50

Use Equation (2-#):  Suc = Suf V¢ + om' Vm

Strain at which fibers would fail: &f = sy /Ef = (500x 103 psi)/(19x106 psi)
£f = 0.0263

Stress in matrix at this strain: om' = Em £ = {0.56x106 psi}(0.0263) = 14 740 psi
Then: suc = (500x 103 psi)(0.50) + {14 740 psi)(0.50) = 257x103 psi
Modulus of elasticity: Ec = Ef VF+ Em vm = {19x106){0.5) + {0.56x106)(0.50)
Ec = 9.78x106 psi '
Specific weight: yc = yf Vf + ym vm = (0.052)(0.50) + (0.047)(0.50)
ye = 0.0495 Ibfind
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Solutions to Preblems 2-66 to 2-87: Some data approximated from Figure P2-66.

Most accurate values are for Ultimate strength (b.)and % elongation {f).

Elastic limit (0.) estimated between proportional limit (¢.) and yield strength {a.)

Modulus of elasticity {e.) computed from (A stress / A strain). Dala are approximated
Materials found from Appendixes A-13 through A-17 matching s,, s,, % Elongation, and £

2-66 a.

2-68

270

2-72

~TE A2 AP TP ~FE~OQO0DTP —SO=0 Q0T

~FO 0 Q0T P

sy = 73 ksi - Offset 2-87
s, = B3 ksi

Sp = 60 ksi

Sq = 67 ksi

E = 10.0x10° psi

11% Elongation

Ductile

Aluminum
7075-T6

s, = 62 kst Offset 269
S, = 75 ksi

$p = B0 ksi

8, = 58 ksi

E = 16.7x10° psi

15% Elongation

Ductite

Copper Alloy
C54400 Bronze-hard

No s, - Britile 2-M
8, = 55ksi

8p = 50 ksi

Sg; = 53 ksl

E = 20.0x10° psi

0.5% Elongation

Brittle

Cast fron

ASTM A48 Grade 60

s, = 35 ksi - Yield point 2-73
s, = 57 ksi

S, = 30 ksi

§q = 27 ksi

E = 26x10° psi

21% Elongation

Ductile

Structural Steel

ASTM A36

~TE "0 QO TN ~TOEoMPQOTHE ~FEaOQ0F

—FR o0 20T

s, = 173 ksi Yield point
5, = 187 ksi

8, = 162 ksi

S, = 168 ksi

E = 26.0x10° psi

15% Elongation
Ductile

Steel

AISI 4140 OQT 900

s, = 49 ksi - Yield point
s, = 65 ksi

Sp = 46 ksi

S = 48 ksi

E = 26.5x10° psi

36% Elongation
Ductiie

Sigeel

AISI 1020 CD

$,= 53 ksi - Offset
s, = 59 ksi
S, = 31 ksi
Sq = 42 ksi

E = 12.0x10° psi

5.0% Elongation
Borderline Brittie/Ductile
Zinc

Cast ZA-12

s, = 19 ksi - Offset

5, = 40 ksi

Sp = 14 ksi

8= 17 ksi

E = 6x10° psi

5% Elongation
Borderline Brittie/Ductite
Magnesium

ASTM AZ 63A-T6

I3



2-7T4 a.

2-76

TR ~0 R P F

I I

s, = 155 ksi - Offset 2-78
s, = 170 ksi

5, = 142 ksl

Sg = 149 ksi

E = 16.5x10° psi

8% Etongation

Ductile

Titanium
6Al-4V

sy = 80 ksi - Offset 2-77
S, = 90 ksi

s, = 62 ksi

Se = 71 kst

£ = 26x10° psi

15% Elongation

Ductile

Stainless Steel

AISI 430 full hard

p T

T s o

—Fa~e &0 DD

s, = 40 ksi -~ Offset
5, = 45 ksi

sp = 30 ksi

Sg = 35 ksi

E = 10.0x10° psi
17% Elongation
Ductile

Aluminum
6061-T6

s, = 80 ksi - Offset

s, = 95 ksi

Sp = 85 ksi

Sg = 68 ksi

£ = 26x10° psi

2.0% Elongation

Britile, but does yield
Maileable iron

ASTM A220 Grade 80002
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